Astilbe thunbergii reduces postprandial hyperglycemia in a type 2 diabetes rat 3 model via pancreatic alpha-amylase inhibition by highly condensed 4 procyanidins.
The inhibition of carbohydrate digestive enzymes is one of these functions with 56 anti-diabetic properties [3] .
57
A. thunbergii is a perennial plant that belongs to the Saxifragaceae family and is 58 distributed widely along mountainous regions in Japan. The plant has been used 59 as an alternative to the Cimicifuga genus (C. dahurica, C. foetida, and C. 60 heracleifolia), which is employed in traditional Japanese and Chinese medicine.
61
"Sheng Ma," derived from the Cimicifuga genus, has been used as a diaphoretic 62 and antipyretic agent and for prevention of gastroptosis and proctoptosis [4, 5] .
63
As an alternative plant, A. thunbergii has also been used for these purposes. In 64 addition, scientific studies investigating this plant have identified an anti-obesity 65 effect, such as enhancement of lipolysis, inhibition of pancreatic lipase, and 66 reduction of plasma triacylglycerol levels in high-fat diet-treated rats [6, 7] .
67
Obesity is one of the health problems associated with T2DM. Studying the 68 anti-diabetic properties of A. thunbergii will concomitantly clarify the 69 anti-obesity effects and will allow the enhanced utilization of this plant for both anti-obesity and anti-diabetic purposes.
71
Here, we evaluated the anti-diabetic property of A. thunbergii root extract (AT) 72 through in vitro α-amylase inhibitory activity assay, and confirmed its effect in a 73 T2DM rat model. Activity-guided isolation revealed procyanidin in AT (AT-P), 74 which is constituted from four types of flavan-3-ols, as the major α-amylase Co., Ltd., Osaka, Japan), and blood samples were obtained from the jugular vein.
110
For the GLP-1 measurement, diprotin A (Peptide Institute, Inc., Osaka, Japan) and 111 protease inhibitor cocktail (Sigma-Aldrich Co., P2714) were added to the blood 112 samples immediately after collection. Insulin levels were measured using a rat acetone to obtain A. thunbergii procyanidin (AT-P, 2.52 g).
126

Vanillin assay [8]
127
The AT-P methanol solution (0.5 mL), 35% hydrochloric acid (1.5 mL), and 4%
128
(w/v) vanillin in methanol (3.0 mL) were mixed and incubated for 15 min at room The α-amylase inhibitory activity was determined using the method described by 
241
The procedure was thus optimized to achieve an effective separation of Characterization of the isolated AT-P was performed through several methods. A 250 vanillin assay, a colorimetric method to determine procyanidin content, revealed 251 that 1 mg of AT-P is equivalent to 0.79±0.02 mg of (+)-catechin. A UV spectra of 252 AT-P revealed a peak at 280 nm, which is similar to that of (+)-catechin,
253
indicating that the majority of AT-P consists of flavan-3-ols ( Figure 3A) .
254
The degree of polymerization of AT-P was analyzed by HPLC analysis employing AT-P was analyzed for its α-amylase inhibitory activity (Figure 6 ). AT-P showed 295 concentration-dependent inhibition of α-amylase with IC 50 1.7 µg/mL. When 296 compared at the same concentration, AT-P showed relatively higher activity (85% 297 at 5 μg/mL) than acarbose (61% at 5 μg/mL), the positive control used in the 298 experiment and a medicinally-employed α-amylase inhibitor. The potent activity 299 of AT-P and its high yield from AT clearly indicate that it is the major contributor 300 of α-amylase inhibitory activity in AT.
301
Various procyanidins contained in plants are reported to inhibit α-amylase. 
